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SUMMARY 


A wing— body combination having a plane triangular wing of aspect 
ratio 2 with NACA 0005—63 thickness distribution in streamwise planes, 
and twisted and cambered for a trapezoidal span load distribution has 
been investigated at both subsonic and supersonic Mach numbers. The 
lift, drag, and pitching moment of the model are presented for Mach 
numbers from 0.60 to 0.90 and 1.30 to 1.70 at a Reynolds number of 3«0 
million. The variations of the characteristics with Reynolds number 
are also shown for several Mach numbers. 


INTRODUCTION 


A research program is in progress at the Ames Aeronautical Labora- 
tory to ascertain experimentally at subsonic and supersonic Mach numbers 
the characteristics of wings of interest in the design of high-speed 
fighter airplanes. Variations in plan form, twist, camber, and thick- 
ness are being investigated. This report is one of a series pertaining 
to this program and presents results of tests of a wing-body combination 
having a triangular wing of aspect ratio 2 with NACA 0005—63 thickness 
distribution in streamwise planes, and twisted and c amb ered for a trape- 
zoidal span load distribution. Results of other investigations in this 
program are presented in references 1 to 5- As in these references, the 
data herein are presented without analysis to expedite publication. 
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Mach number 

free— stream dynamic pressure, pounds per square foot 
Beynolds number based on the mean aerodynamic chord 
radius of body, inches 
maximum body radius, inches 

total projected wing area, including area formed by extending 
leading and trailing edges to plane of s y mm etry, square feet 

distance from wing leading edge in wing reference plane, inches 

longitudinal distance from nose of body, inches 

vertical distance from wing reference plane, inches 

distance perpendicular to plane of symmetry, feet 

angle of attack of body axis, degrees 


drag coefficient 



lift coefficient 
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pitching-moment coefficient referred to quarter point of wsan 
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ac L 

<3a 


slope of the lift curve measured at zero lift# per degree 


dCj, 


slope of the pitching-moment curve measured at zero lift 


Subscripts 


U upper surface of wing 

L lower surface of wing 


APPARATUS 


Wind Tunnel and Equipment 


The experimental Investigation was. conducted in the Ames 6— by 
6— foot supersonic wind tunnel. In this wind tunnel# the Mach number can 
he varied continuously and the stagnation pressure can he regulated to 
maintain a given test Reynolds number. The air is dried to prevent 
formation of condensation shocks. Further information on this wind 
tunnel is presented in reference 6. 

The model was sting mounted in the tunnel# the diameter of the 
sting being about 73 percent of the diameter of the body base. The pitch 
plane of the model support was horizontal in the wind tunnel. A balance 
mounted on the sting support and enclosed within the body of the model 
was used to measure the aerodynamic forces and moments on the model. The 
balance was the h— inch# four— component strain-gage balance described in 
reference 7. 


Model 


A photograph of the model mounted in the Ames 6- by 6— foot wind 
tunnel is shown in figure 1. A plan view of the model and certain model 
dimensions are given in figure 2. Other important geometric character- 
istics of the model are as follows: 
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Wing 


Aspect ratio • 2 

Taper ratio 0 

Thickness distribution (streamwise) . . . . MCA 0005—63 

Total area, S, square feet 4.0l4 

Mean aerodynamic chord, c 1 , feet. 1.889 

Incidence, degrees 0 


Distance, wing reference plane to body axis, feet . 0 

Body 

Fineness ratio (based on length, Zj fig. 2) 12.5 


Cross-section shape Circular 

Maximum cross-sectional area, square feet . . . 0.204 

Eatio of maximum cross-sectional area to 

wing area 0.0509 


The twist and camber of the present wing was derived from a theo- 
retical equation satisfying the linearized supersonic potential flow 
equation and giving the shape of a surface for a uniform pressure dis-r* 
tribution. (See reference 8.) At the design Mach number of 1.53 and 
design lift coefficient of 0.25 the span load distribution was trape- 
zoidal, being constant to 62.5 percent of the semispan and varying 
linearly from there to zero at the tip. The section coordinates for 
this wing are given in table I. 

The wing was constructed of solid steel. The body spar was also 
steel and covered with aluminum to form the body contours. The surfaces 
of the wing and body were polished smooth. 

TESTS AND EROCEDUKE 


Eange of Test Variables 


The characteristics of the model (as a function of angle of attack) 
were investigated for a range of Mach numbers from 0.60 to 0.90 and from 
1.30 to 1.70. The major portion of the data was obtained at a Beynolds 
number of 3.0 million. Data were also obtained for Beynolds number up 
to 7-5 million at Mach numbers of 0.80, 1.^0, and 1.60. 


EedUction of Data 

The test data have been reduced to standard MCA coefficient form. 
Factors which could affect the accuracy of these results and the cor- 
rections applied are discussed in the following paragraphs. 
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Tunnel-wall Interference .— Corrections to the subsonic results for 
the induced effects of the tunnel walls resulting from lift on the model 
were made according to the methods of reference 9- The numerical values 
of these corrections (which were added to the uncorrected data) were 

Ax = 0.93 C L 

ACj) = 0.016 C^ 2 

No corrections were made to the pitching— moment coefficients. 

The effects of constriction of the flow at subsonic speeds by the 
tunnel walls were taken into account by the method of reference 10. This 
correction was calculated for conditions at zero angle of attack and was 
applied throughout the angle— of— attack range. At a Mach number of 0.90, 
this correction amounted to a ^t— percent increase in the Mach number over 
that determined from a calibration of the wind tunnel without a model in 
place . 

For the tests at supersonic speeds, the reflection from the tunnel 
walls of the Mach wave originating at the nose of the body did not cross 
the model. No corrections were required, therefore, for tunnel-wall 
effects. 

Stream variations .— Tests at subsonic speeds in the 6— by 6-foot 
supersonic wind tunnel of a symmetrical model in both the normal and the 
inverted positions have indicated no stream curvature or inclination in 
the pitch plane of the model. No measurements have been made, however, 
of the stream curvature in the yaw plane. At subsonic speeds, the longi- 
tudinal variation of static pressure in the region of the model is not 
known accurately at present, but a preliminary survey has indicated that 
it is less than 2 percent of the dynamic pressure. No correction for 
this effect was made. 

A survey of the air stream in the wind t unne l at supersonic speeds 
(reference 6) has shown a stream curvature only in the yaw plane of the 
model. The effects of this curvature on the measured characteristics of 
the present model are not known, but are believed to be smal 1 as judged 
by the results of reference 11. The survey also indicated that there is 
a static-pressure variation in the test section of sufficient magnitude ' 
to affect the drag results. A correction was added to the measured drag 
coefficient, therefore, to account for the longitudinal buoy anc y caused 
by this static— pressure variation. This correction varied from as much 
as -0.0003 at a Mach number of 1.30 to +0.0009 at a Mach number of 1.70. 

Support interference .— At subsonic speeds, the effects of support 
interference on the aerodynamic characteristics of the model are not 
known. For the present tailless model, it is believed t ha t such effects 
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consisted primarily of a change in the pressure at the "base of the model. 
In an effort to correct at least partially for this support interference, 
the base pressure was measured and the drag data were adjusted to corre- 
spond to a base pressure equal to the static pressure of the free stream. 

At supersonic speeds, the effects of support interference of a 
body— sting configuration similar to that, of the present model are shown 
by reference 12 to be confined to a change in base pressure. The pre- 
viously mentioned adjustment of the drag for base pressure, therefore, 
was applied at supersonic speeds. .. 


EE SUITS 


The results are presented in this report without analysis in order 
to expedite publication. Figure 3 shows the variation of lift coeffi- 
cient with angle of attack and the variation of drag coefficient, 
pitching-moment coefficient, and lift-drag ratio with lift coefficient 
at a Eeynolds number of 3*0 mil], ion and at Mach numbers from 0.60 to 
1.70. The effect of Eeynolds number on the_ aerodynamic characteristics 
at Mach numbers of 0.80, 1.40, and 1.60 is shown in figure The 
results presented in figure 3 ha’je been summarized in figure 5 to 6how 
some important parameters as functions of Mach number. The slope param- 
eters in this figure have been measured at zero lift. 


Ames Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Moffett Field, Calif. 


BEFEBENCES 


1. Smith, Donald W., and Heitmeyer, John C.: Lift, Drag, and Pitching- 

Moment of Low-Aspect-Ratio Wings at Subsonic and Supersonic Speeds — 
Plane Triangular Wing of Aspect Ratio 2 With MCA 0008-63 Section. 
MCA EM A50K20, 1950 . 

2. Smith, Donald W., and Heitmeyer, John C.: Lift, Drag, and Pitching 

Moment of Low-A.spect-Eatio Wings at Subsonic and Supersonic Speeds — 
Plane Triangular Wing of Aspect Ratio_2 With MCA 0005-63 Section. 
MCA EM A50K21, 1950. 



NACA EM A50E27a 


7 




3. Heitmeyer, John C. , and Stephenson, Jack D.: Lift, Drag, and 

Pitching Moment of Low-Aspect-Batio Wings at Subsonic and Super- 
sonic Speeds — Plane Triangular Wing of Aspect Eatio 4 With 
NACA 0005-63 Section. NACA EM A50K24, 1950. 

4. Phelps, E. Pay, and Smith, Willard G. : Lift, Drag, and Pitching 

Moment of Lov-Aspect-Eatio Wings at Subsonic and Supersonic Speeds — 
Triangular Wing of Aspect Eatio 4 With NACA 0005—63 Thickness Dis- 
tribution, Cambered and Twisted for Trapezoidal Span Load Distri- 
bution. NACA EM A50K24b, 1950. 

5. Heitmeyer, John C., and Smith, Willard G.: Lift, Drag, and Pitching 

Moment of Lov-Aspect-Eatio Wings at Subsonic and Supersonic Speeds — 
Plane Triangular Wing of Aspect Eatio 2 With NACA 0003—63 Section. 
NACA EM A50K24a, 1950. 

6. Frick, Charles W., and Olson, Eobert N. : Flov Studies in the Asym- 

metric Adjustable Nozzle of the Arnes 6— by 6-foot Supersonic Wind 
Tunnel. NACA EM A9E24, 1949. 

7* Olson, Eobert N. , and Mead, Merrill H.: Aerodynamic Study of a Wing- 

Fuselage Combination Employing a Wing Svept Back 63° — Effectiveness 
of an Eleven as a Longitudinal Control and the Effects of Canber 
and Twist on the Maximum Lift-Drag Eatio at Supersonic Speeds. 

NACA EM A50A31a, 1950. 

8. Jones, Eobert T.: Estimated Lift-Drag Eatio s at Supersonic Speeds. 

NACA TN 1350, 1947. 

9. Glauert, H.: The Elements of Aerofoil and Airscrew Theory. The 

University Press, Cambridge, England, 1926, ch. XIV. 

10. Herr lot, John G.: Blockage Corrections for Three-Dimensional-Flov 

Closed-Throat Wind Tunnels, with Consideration of the Effect of 
Compressibility. NACA EM A7B28, 1947 • 

11. Lessing, Henry C.: Aerodynamic Study of a Wing-Fuselage Combination 

Employ ing a Wing Svept Back 63° — Effect of Sideslip on Aerodynamic 
Characteristics at a Mach Number of 1.4 With the Wing Twisted and 
Cambered. NACA EM A50F09, 1950. 

12. Perkins, Edvard W. : Experimental Investigation of the Effects of 

Support Interference on the Drag of Bodies of Devolution at a Mach 
Number of 1.5. NACA EM a8B05, 1948. 



Co 


TABLE Ii 

COOHDUfATES FOR TWISTED AND CAMBERED TRIAEGULAR WIHG OF ASPECT RATIO 2 


Station 0 
(■jj— Ulual) 

Station 2.100 

Station 3. *00 

Station 5.100 

Station 6.000 

X 

Z 


KU 

XL *L 

Xu 

z U 

■ xl ZL 

XD 

Xu 

Xl 

XL 

XU 

Xfl 

XL 

XL 

0.000 

0.000 

0.000 

0.*09 

0.000 G >09 

0.000 

o . y >7 

0.00D 0.557 

0.000 

O.836 

0.000 

0.836 

0.000 

1,11* 

0-000 

1.11* 

.*26 

■ -&9 

*330 

.703 

.383 .9*6 

.30* 

% 

.366 >12 

.£60 

I.090 

.325 

.TUB 

,eiB 

i:BS 

.S0£ 

14)20 

.053 . 

.371 

.693 

,RO< 

■ 7*2 .193 

i.**8 .n* 

.6*3 

.703 .369 

.552 

ijod 

.622 


.*66 

& 

1.005 

1.706 

.309 

l.*30 

.977 

1.332 

1.112 

1.371 .303 

1.1*7 

1.368 

1.211 

456s 

.972 

l.*02 

1.595 

*991 

SJ 59 

.397 

e .190 

1.036 

£.1*7 .01B 

£.028 

1.213 

2.036 456 

1.7*7 

1>77 

1.79T 

.6*1 

1.706 

1-5*9 

.991 

3>U 

.661 

3.003 

1.003 

e.8o8 -.11 \ 

2.738 

1499 

fi-6yr .193 

2.351 

1.55* 

8.383 

3-55* 

.600 

1*99* 

1.790 

2.053 

.990 

3-117 

.759 

*>15 

.9G1 

*•336 -37 l « 
3. Si -.«5 

V.I96 

1.181 

3.90? “4118 

3.566 

1.63* 

.567 

3-025 

1.906 

3.060 

. 9 £ 

6.9*3 

.615 

3.66o 

iSa 

.866 

us 

8.233 

1.057 

5. *17 “.£*5 

*.777 

1-606 

*.718 

5-862 

7.092 

.*83 

*.059 

5.060 

6.1*5 

1.971 

*.067 

-909 



m 

7.CTT -.553 
3.T39 -.990 

1j003 

-957 

6.830 -.3*0 
3.187 -.*09 

6.067 

7.855 

£$ 

.317 

.122 

1.969 

1.93* 

5.089 

6.06? 

.933 

.909 

13-6*6 

.883 

11.672 

.800 

11.637 -.607 

10.958 

.065 

10.932 “>?7 
13.670 -.*** 
16. *05 -.322 1 

9.608 

1402 

9.5*7 

-.05* 

0.269 

1.651 

8.097 

.673 

it .cm 
20 >60 

.733 

1*,?01 
17. *90 

.717 

.610 

1**371 -.561 
17-M* --*97 

13.666 

2 .*n 

.761 

.6*7 

11.993 

- 9 *e 

.765 

11.995 

lX.356 

-.306 

I0.J02 

12.333 

1.32* 

1*U5 

10.201 

12.290. 

.*23 

.335 

.630 


-.105 

ej.aeo 

.seo 

eo,*oe 

.MB 

20.397 -.*06 

19.1*5 

.518 

19.138 “. 3 l 6 

16.767 

.662 

16-753 

19.1*8 

-.063 

l*.j8l 

16 >29 

-930 

iS:2S 

.311 

* 7.291 

-.373 

S' 

23.311 

•3*1 

£3-3°9 -495 

21.87* 

.380 

:5B 

£1.87© -*217 

19.156 

.516 

-.006 

.778 

.323 

30.703 

32 'k& 

p6.pqi 

.188 

26.290 ~.l£2 

2*. 603 

2* .602 -.099 
25-967 -433 
27-333 .033 

21 .5** 

.365 

.266 

21.5*1 

22.737 

83-933 

.076 

1B.*77 
19.500 
2D. 52* 

.610 

% 

18. *70 

.363 

•399 

27.676 

.107 

27.675 -.068 

25*968 

28.739 

23.933 

.125 

19 .*96 
20.52* 

3*aU 

41T 

39.131 

WEi 

29-131 -.010 

27.333 

.067 

*203 

.1* 

.5* 

I Lwdlii£~«9ca 

L**jS±ne^4c* radliui 0 . 09 T 

T— fllpg aflgc rMJjc*: 0.091 

LwuHnyndga radius: 04)79 

LaadiBg-adga raliai; 0.068 

| iwtlBai 

0.113 





1 



1 




i 





Station 8.500 

station 10400 

Station 11.900 1 

Btctina 13.600 

Station 15-300 

*D X L ft 

% *0 *L »L 

mfTTi 

xu *0 *L *l 

xo *U x i h . 

0400 I.393 0-000 1-393 
470 1,503 -238 1*320 

.38* 1.677 .*32 1-311 

.7*2 1.016 .frrc 1.312 
1.E25 1*906 1^96 1.321 
1.6*9 1*997 1.716 I-313 
c.502 £.110 2. 358 1*357 
3.359 2497 3-396 1.379 
*.21fi 2,2*0 *4*1 1.393 
5.077 2.263 5*00* l.*07 ' 
6.001 24520 6.77* 1**01 
0.537 24)86 8. *67 1.33* 
10.206 1.773 10-173 1-132 : 
11.992 l.*53 H-9BO .935 
13^98 1,902 13-661 .609 
13-397 1.009 13.383 .602 
16451 .91& 16.2*5 .003 
17405 ,028 17.10* .010 

iMfrlngHdlga radim: 0.057 

0.000 1.672 0-000 1.672 

.1*0 l.fle? .192 1.617 
.303 1.906 .36* 1.615 

.636 2.023 .703 1.62* 

„97B 2.U2 1.0*1 1.639 
1.310 2.1B6 1.377 1-657 
1.909 2.301 2.050 1.696 
fi,670 2.305 2*723 1,73* 
3*35* £.**6 3.396 1,771 
*.030 fi.*37 *4>71 1-005 
5. *00 2.523 3.*C2 1.8S3 
6.780 2.505 6.777 1.902 
045* 2. *37 84-37 1-900 
9-530 2.319 9-9011.903 
ID. 910 2.120 10.BT3 l,6e* 
12409 1.0B* 12.261 1.66C 
02,975 1-673 12-959 1.503 
13-659 1-331 13-656 1.517 

Tawllrtg a&a* radiua: 04*5 

0. 000 1.950 0-000 1.950 

.103 2469 .3*5 1.913 

.22* 2.131 .275 1.91* 

.*72 2.22* .530 1.920 

.723 2 498 -703 1-9*6 

.975 2.360 1.036 1.966 

1. WB a.fe) 1,5*1 2.009 
1-991 2.538 2-0*5 2.053 
2.501 2.599 2.550 2496 
3.012 2.6*8 3.055 2.139 
*.036 2.713 *466 B4E0 
I.OtfL Q, 7** 5-0ft> 249* 
6.085 8.7*7 6.095 2-35? 
7411 2.725 7.U* 2.*U 
8.137 a.681. 0.135 a. *57 
9.163 2,612 9-160 a.*8& 

9-675 a. 569 9-673 E.500. 
20.180 2.518 10487 2.507 

radius 2 0.03* 

0400 84*94.000 £4*9 
.066 2.31D 499 2407 
.1*7 2-35* -105 2.210 . 
.310 fi.*C2 , .355 2.2B5 
.*77 8.*75 -52* 2-2*2 
.6** 2-5E3 .693 2.261 
-981 2.599 1.0C9 2.300 
1.310 2.663 1.366 S-3*i 
1.657 2.715 1.70C 2.381 

1.997 2.75? 2.037 a.*ai 
2.6T6 2,820 2.709 2.501 
3.357 2-080 3.381 2.582 
*499 2.930 *.057 2.S?2 
*.T80 2,9^ *-T33 2.722 

5. *Ot 2,936 5. *09 2.788 
6.005 2,932 6407 z.050 

6. *B5 2.906 6**27 £.880 
6.766 2.917 6.766 2.906 

I— dlnc-adja radiMx 0.003 

0400 2.508 0.000 0.000 
430 £.5*9 .051 £.500 
.068 2.773 ,09* 2.903 
452 2.6U .179 2-513 
.235 2.6*0 463 2.525 
418 3-669 .3*82,539 
.*052.715 .H6e.566 
.653 2-755 .68* 2.59* 
.021 2.707 .051 2.621 
1420 2. 819 1418 a.651 
1,329 2.071 1.353 2.708 
3-668 2.912 1409 £.763 
2.007 2-9*7 242* £.818 

2,3*7 2-976 2.359 2-873 
2.607 2.999 2-695 2.925 
3.080 3.010 3.Q32 2*977 
3.I96 3.026 3.800 3-003 
3-368 3433 3,368 3.029 

TV— fling oflgn xadina iO .Ollj 


1 Uwatioeu at rtctloo* «r* nevurad 1 b tnnhaa tram pita* of tenantry. 


. i . 


* t 


1 


w I I 


NACA RM A50K2?a 














2 


NACA EM A50K27a 


9 



Figure 1.— Model in the Ames 6— "by 6— foot supersonic wind tunnel 
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Figure 2. — Plan and front news of the mode/. 
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Figure 3. — The variation of the aerodynamic characteristics with lift coefficient at various Mach numbers. 

Reynolds number , 3.0 million . 
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Figure 3.- Continued. 
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Figure 3.— Concluded. 
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Figure 4 . — The variation of the aerodynamic characteristics with lift coefficient at various Reynolds numbers. 
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Figure 4— Continued. 
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Figure 4— Concluded . 
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Figure 5.— Concluded . 
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